Abstract The After Breast Cancer Pooling Project was established to examine the role of physical activity, adiposity, dietary factors, supplement use, and quality of life (QOL) in breast cancer prognosis. This paper presents pooled and harmonized data on post-diagnosis lifestyle factors, clinical prognostic factors, and breast cancer outcomes from four prospective cohorts of breast cancer survivors (three US-based and one from Shanghai, China) for 18,314 invasive breast cancer cases diagnosed between 1976 and 2006. Most participants were diagnosed with stage I-II breast cancer (84.7%). About 60% of breast tumors were estrogen receptor (ER)?/progesterone receptor (PR)?; 21% were ER-/PR-. Among 8,118 participants with information on HER-2 tumor status, 74.8% were HER-2-and 18.5% were HER-2?. At 1-2 years postdiagnosis (on average), 17.9% of participants were obese (BMI C 30 kg/m 2 ), 32.6% were overweight (BMI 25-29 kg/m 2 ), and 59.9% met the 2008 Physical Activity Guidelines for Americans (C2.5 h per week of moderate activity). During follow-up (mean = 8.4 years), 3,736 deaths (2,614 from breast cancer) and 3,564 recurrences have been documented. After accounting for differences in year of diagnosis and timing of post-diagnosis enrollment, five-year overall survival estimates were similar across cohorts. This pooling project of 18,000 breast cancer survivors enables the evaluation of associations of post-diagnosis lifestyle factors, QOL, and breast cancer outcomes with an adequate sample size for investigation of heterogeneity by hormone receptor status and other clinical predictors. The project sets the stage for international collaborations for the investigation of modifiable predictors for breast cancer outcomes.
Introduction
Numerous studies have examined the role of lifestyle factors such as diet, adiposity, and physical activity in the etiology of breast cancer [1] [2] [3] [4] . Less is known, however, about the role of lifestyle factors in relation to breast cancer prognosis, although research in this area has begun to accumulate in the past several years [5] [6] [7] [8] . In addition, many studies on lifestyle and breast cancer prognosis have focused on pre-diagnosis lifestyle factors, and fewer studies have examined associations of post-diagnosis lifestyle factors with survival and cancer recurrence [5, 7, [9] [10] [11] .
An estimated 4.4 million women are living with breast cancer worldwide [12] . The role of modifiable lifestyle factors during and after cancer treatment in cancer prognosis is of particular interest to cancer survivors [5, 6] . Non-clinical post-diagnosis risk factors, including physical activity [9, 11, [13] [14] [15] [16] , adiposity [9, 11, 13, [17] [18] [19] , quality of life (QOL) [20] [21] [22] [23] , and dietary factors [9, 13, [24] [25] [26] [27] [28] [29] , have been associated with breast cancer prognosis. However, while it is well recognized that breast cancer is a heterogeneous disease with outcomes varying greatly by tumor expression of estrogen receptors (ER), progesterone receptors (PR), and human epidermal growth factor receptor 2 (HER-2) [30] , little research has been conducted to investigate whether effects of lifestyle factors on outcomes differ by the subtypes of breast cancer. This effort has been primarily hindered by the need for studies with a larger sample size.
The After Breast Cancer Pooling Project (ABCPP) was initiated in 2009 through funding from the NIH American Recovery and Reinvestment Act (ARRA) (3R01CA118229-03S1) to support collaborative research on post-diagnosis lifestyle factors, QOL, and breast cancer survival. The ABCPP, which includes data on over 18,000 breast cancer survivors from four population-based prospective cohorts recruited from multiple US sites and Shanghai, China, was designed to evaluate the role of modifiable post-diagnosis lifestyle factors (physical activity, overweight/obesity, weight change, dietary intake of soy and cruciferous vegetables, and dietary supplement use) and QOL in relation to breast cancer outcomes. Special emphasis will be placed on investigating potential interactions between lifestyle factors and QOL with clinical predictors, such as hormone receptor status and treatment status. This paper describes the methodology of the ABCPP and characteristics of participants (clinical characteristics, socio-demographics, and select lifestyle factors and comorbidities) by cohort and combined.
Materials and methods

After Breast Cancer Pooling Project
The ABCPP includes pooled data from three prospective cohorts specifically designed to focus on breast cancer survivors, the Shanghai Breast Cancer Survival Study (SBCSS), the Women's Healthy Eating and Living (WHEL) Study and the Life After Cancer Epidemiology (LACE) Study, as well as breast cancer cases from the Nurses' Health Study I (NHS), an ongoing longitudinal cohort of initially healthy women. This collaborative effort began with three cohorts (LACE, SBCSS, NHS) and was expanded after the project was funded to include one additional cohort with a large number of cases and detailed post-diagnosis lifestyle data (WHEL). The initial aims are focused on the role of specific post-diagnosis diet and lifestyle factors in relation to prognosis; hence, included cohorts were required to have cancer treatment data, detailed post-diagnosis diet and lifestyle data (including weight gain, body mass index (BMI), physical activity, and vitamin supplement use), and active follow-up for breast cancer outcomes. A total of 18,314 invasive first primary breast cancer cases were included in the ABCPP.
Cohort-specific methods
The methodology of each cohort has been described previously (see: SBCSS [26] , WHEL [31] , LACE [32] , NHS [33] ); hence, we provide below only a brief description of data collection methods, focusing on those factors relevant for the pooling project. In addition, an overview of study methodology for each cohort is shown in Table 1 . Briefly, each cohort collected data on clinical factors (tumor characteristics, treatment status), reproductive factors, family history of breast cancer, QOL, medical history including comorbidities, anthropometric data, smoking history, alcohol intake, recreational physical activity, supplement use, and used a food frequency questionnaire (FFQ) to assess dietary intake.
For the SBCSS, diet was assessed at baseline, 18-, 36-, and 60-months post-diagnosis using a validated FFQ that was specifically designed to capture nutrient and major food intake among Chinese women living in Shanghai [34] . Diet was assessed in WHEL using the Arizona Food Frequency Questionnaire (AFFQ) at baseline, year one, and year four. The AFFQ is a modification of the food frequency component of the Block Health Habits and History Questionnaire developed by Block and colleagues at the National Cancer Institute (NCI), and earlier versions have been validated against food recalls [35, 36] . For LACE, dietary habits were assessed using the Fred Hutchinson Cancer Research Center Food Frequency Questionnaire (FHRCC-FQ) at baseline and the follow-up survey at about five to six years post-diagnosis. The FHRCC-FQ questionnaire is a validated, self-administered, semi-quantitative FFQ with approximately 120 items and is an adaptation of the 95-item Health Habits and Lifestyle Questionnaire developed by Block and colleagues at the NCI [35] . The NHS assessed dietary habits using validated semiquantitative FFQs about every four years [33] .
QOL was assessed at baseline in the SBCSS using the 36-item Short Form Health Survey (SF-36) [37] for 55.8% participants and the General QOL Inventory-74 (GQOLI-74) [38] for 44.2% of participants (The GQOLI-74 was readministered at the 36-month interview). For the WHEL and the NHS, QOL was assessed at multiple time points after diagnosis using the SF-36 [39] . LACE used the Functional Assessment of Cancer Therapy-Breast (FACT-B) [40] to asses QOL at the baseline and follow-up surveys.
Data harmonization for the ABCPP
Overview of data harmonization procedures
Data harmonization procedures were initially planned at an in-person meeting with study investigators. At this meeting, variable definitions were developed and analytic protocols were drafted. Subsequently, a data dictionary was created for the pooling study variables and was distributed to cohort investigators to enable creation of a cohort-specific dataset with the data items needed for the pooling project. Monthly conference calls and frequent email communications were used to refine standard definitions for each variable and discuss any modifications of the analytic protocols, including handling of missing data and recoding of variables. After creation of the cohort-specific datasets with agreed upon variables, each study investigator sent a dataset to Vanderbilt University (VU), the data coordinating center for the ABCPP, for data checking and additional standardization as needed. The VU team created a merged dataset with standardized variables for the analysis phase of the project. Below we discuss the main common variables to be used in all the ABCPP investigations.
Clinical characteristics
Harmonized data on clinical characteristics include age at diagnosis, tumor-node-metastasis (TNM) stage based on the AJCC 6th edition [41] , ER/PR status, HER-2 status, histological grade, surgery, chemotherapy, radiotherapy, and endocrine therapy. For the US cohorts, tumor characteristics were based on medical records from the local hospitals. For the SBCSS, tumor characteristics and clinical data were verified by medical records for 98.1% of cases. The agreement rates between self-reported and medical chart information ranged from 94 to 98%.
Socio-demographics and reproductive factors
Harmonized data on socio-demographics, reproductive factors, and family history of cancer assessed at baseline/ first post-diagnosis survey include education, race/ethnicity, menopausal status, parity, age at first birth, and family history of breast cancer.
Lifestyle factors and comorbidities
Harmonized data on lifestyle factors and comorbidities assessed at baseline/first post-diagnosis survey and presented here include: alcohol consumption, smoking, BMI, recreational physical activity, diabetes, and hypertension. . Instead of using population-specific BMI cut points for Asian breast cancer survivors, we used the same BMI cut points for all participants (the WHO international classifications) [42] , as were used previously in the SBCSS [18] , to allow comparisons by cohort.
All cohorts provided recreational physical activity levels converted into metabolic equivalents (METs) [43] in METhours/week. For the present analysis, physical activity was categorized based on tertiles.
Outcomes
Harmonized outcome data include: total mortality (death from any cause), breast cancer-specific mortality (death from breast cancer), and a new breast cancer event, hereafter referred to as recurrence. Recurrence includes a local/regional recurrence, distant recurrence/metastasis, or development of new primary breast cancer in the ipsilateral or contralateral breast [16, 44] . New primary breast cancers were recorded only in the SBCSS, WHEL, and LACE cohorts.
Data analysis
Statistical definitions for clinical characteristics, sociodemographics, reproductive factors, lifestyle factors, and comorbidities are shown in the Tables. Frequency distributions for categorical variables and means with standard deviations (SD) for continuous variables were calculated for harmonized data by study cohort and for the all cohorts combined. Women missing the date of the first survey/ enrollment or with no follow-up time (n = 22) were excluded from the analyses. Delayed entry Cox proportional hazards regression models were used to estimate five-year survival functions for each study separately, adjusting for age at diagnosis. Entry time began at baseline/ first survey after diagnosis (mean of 6.5 months postdiagnosis for the SBCSS, 2 years post-diagnosis for WHEL and LACE, and 1 year post-diagnosis for the NHS). Follow-up ended at date of death or date of last contact (i.e., date of last follow-up survey or date of last registry linkage, whichever was most recent).
Investigators of each individual cohort received institutional review board approval from their home institution(s) to participate in the ABCPP. Data use agreements were also signed by the principal investigators for each institution.
Future multivariable analytic plan for the ABCPP A general analytic plan was developed for multivariable analyses of data from the ABCPP. First, we will analyze individual study data using delayed entry Cox proportional hazards models, with time since diagnosis as the time scale. The entry date will be the date of the baseline survey for the SBCSS, WHEL, and LACE or the date of the first survey after diagnosis with measurement of the exposure of interest for the NHS. Second, we will conduct metaanalyses with the study-specific hazards ratios using inverse-variance weights in random-effects models [45] . The Q test statistic will be used to test for heterogeneity in risk estimates across studies [46] . If heterogeneity is present, study-specific estimates and the pooled hazard ratios from the random-effects models will be presented. In addition, the reasons for heterogeneity will be investigated, both between studies and for relevant subgroups overall and within a cohort, as appropriate. Sensitivity analyses will be conducted to exclude specific studies or subgroups, as appropriate, depending on the research question of interest. For example, to address potential heterogeneity due to changes in breast cancer treatment over time (diagnosis dates range from 1976 to 2006) and geographical differences (China as compared to US breast cancer survivors), sensitivity analyses that exclude cases diagnosed in earlier years (or Chinese breast cancer patients) will be conducted. If heterogeneity is not present, a pooled analysis using the combined individual data from each cohort will be conducted for the exposure-disease associations of interest using delayed entry Cox proportional hazards regression models stratified by study.
Results
The ABCPP includes 18,314 women aged 20-83 years diagnosed with invasive primary breast cancer between 1976 and 2006. Table 1 displays mean years of follow-up and major endpoints by cohort. After a mean follow-up of 8.4 years, 3,736 total deaths, 2,614 breast cancer-specific deaths, and 3,564 breast cancer recurrences have been documented across the four cohorts. The majority of deaths (71%) were due to breast cancer; 11.4% were from other malignancies, 7.3% from cardiovascular disease, and 10.4% from other causes. Table 2 displays age, tumor characteristics, and treatment data by study and combined. Mean age (SD) at diagnosis was younger for the SBCSS (53.5 (10.0)) and WHEL (51.2 (8.9)), than for LACE (58.3 (11.0)) and the NHS (60.4 (9.4)). Across studies, SBCSS participants had the lowest percentage of ER?/PR? tumors (51.0%) and LACE participants had the highest (68.3%). About 41.0% of participants had HER-2 data available. SBCSS participants had the highest percentage of HER-2? tumors (30.5%), and WHEL participants had the lowest (8.3%). The NHS had a large amount of missing data for HER-2 status, because HER-2 status was not routinely assessed until around 2005, when results from adjuvant trastuzumab trials were published [47] .
Clinical characteristics
Information on whether women received adjuvant chemotherapy, radiotherapy, and hormonal therapy was available for the majority of the ABCPP participants (Table 2) . However, detailed treatment regimen data on dose and duration were not available for all cohorts, and these data were not pooled. Most SBCSS participants had a mastectomy (94.0%) and received chemotherapy (92.2%), whereas only about one third received radiotherapy, reflecting current treatment trends in China [48] . Across the three US cohorts, mastectomy and radiotherapy percentages were similar; however, chemotherapy percentages were lowest for the NHS (41.5%), compared with WHEL (70.0%) and LACE (57.3%), reflecting the lower stage and earlier treatment period (i.e., 1980s) among NHS participants. As shown in Table 2 , the NHS had a large amount of missing data for many of the clinical characteristics, in particular for cases diagnosed in the 1970s and 1980s. Hence, we also display the distribution of this cohort for cases diagnosed from 1990 onward, which is more comparable to the diagnosis dates of the other cohorts. When we limited the NHS cohort to cases diagnosed from 1990 onward, the amount of missing data for clinical characteristics was reduced, in particular for cancer treatment. Table 3 Socio-demographics, reproductive factors, and family history Table 4 shows selected non-clinical participant characteristics assessed at the baseline/first post-diagnosis survey (unless otherwise indicated) by study and combined. Education levels were lower for women in the SBCSS (only about 15.8% had an education level above high school). Education level was college graduate or higher for all participants of the NHS, who were all registered nurses [33] . For the US cohorts, the majority of participants were NonHispanic White. The percentage of breast cancer survivors with a first-degree family history of breast cancer was low for participants of the SBCSS (5.6%), compared with about 13-21% in the US cohorts. About half of the participants were postmenopausal close to (within approximately six months) or at diagnosis for both the SBCSS and WHEL. For LACE, 63.7% of women were postmenopausal at diagnosis and for the NHS 81.6% were postmenopausal (assessment on average 1 year post-diagnosis).
Lifestyle factors and comorbidities Table 4 presents data separately by study and overall for select lifestyle factors and comorbidities. Overall, 52.3% of US participants reported drinking alcoholic beverages at least monthly and 9.8% currently smoked, whereas 42.0% were former smokers. In contrast, few women in the SBCSS reported alcohol consumption (0.3%) or ever smoking (2.7%). For BMI and exercise, we included data from the 18-month post-diagnosis survey for SBCSS participants, rather than the baseline 6-month post-diagnosis survey, since the other cohorts assessed these factors on average one to two years post-diagnosis. Using the WHO international classifications for obesity and overweight, overall, 17.9% of breast cancer survivors were obese at approximately 1-2 years post-diagnosis and 32.6% were overweight. Percentages of overweight and obese women tended to be fairly similar for WHEL, LACE, and the NHS, although the percentage of obese women was lower for the NHS. Chinese women were leaner with an obesity prevalence of about 6.3%, compared with 19% or higher for US women. The NHS had the greatest proportion of women reporting any recreational physical activity at 1-2 years post-diagnosis. Among breast cancer survivors who were participating in recreational physical activity at least monthly (n = 14,390), 59.9% met the 2008 Physical Activity Guidelines for Americans (at least 8.3 MET-hours per week) [49] . About 7% of SBCSS, LACE, and NHS participants reported diabetes at the baseline/first survey after diagnosis; only 2.2% of WHEL participants had diabetes at baseline.
Age-adjusted five-year survival overall and by TNM stage at diagnosis Table 5 gives age-adjusted five-year survival estimates overall and by stage, before and after exclusions, to account for differences by cohort in the timing of enrollment in relation to cancer diagnosis and year of diagnosis. First, the start of follow-up was changed to begin 2 years after diagnosis for all four cohorts, to approximately 
Strengths and limitations
The ABCPP includes pooled and harmonized data on clinical characteristics, socio-demographics, reproductive factors, comorbidities, and select post-diagnosis lifestyle factors for over 18,000 breast cancer survivors. We are currently using the ABCPP to comprehensively evaluate the associations of physical activity, adiposity, dietary intake of soy and cruciferous vegetables, dietary supplement use, and QOL in relation to breast cancer outcomes. We have established a methodology for pooling and harmonizing data that can be used to expand the ABCPP in the future with the addition of other breast cancer survivor cohorts. Several strengths of the ABCPP should be considered. First, the pooling of cohorts into one aggregate dataset will provide adequate statistical power to investigate heterogeneity in associations of lifestyle factors and breast cancer outcomes by specific tumor subtypes and other potential effect modifiers (e.g., stage, treatment status, age, and menopausal status), which has not been possible in previous single cohort investigations. Second, as described in the Results, we have successfully pooled and harmonized data from the four cohorts, providing the foundation for testing study hypotheses using a standardized protocol and setting the stage for future collaborative research. Third, by pooling the individual data, rather than conducting a metaanalysis of published effect estimates, we were able to standardize the definitions of exposures, potential confounders, and effect modifiers, as well as the analytic approach, which will decrease the heterogeneity by study and provide more precise estimations of associations [45] .
Limitations of the ABCPP should also be considered. First, although the sample size is large, 10% or more of participants have missing data for several key clinical characteristics (e.g., cancer treatment and ER/PR status). However, a large portion of this missing data is due to the inclusion of NHS participants diagnosed in the 1970s and 1980s, when information on tumor characteristics and treatment history was less complete. Hence, depending on the specific aims under study, investigators can decide to exclude these earlier cases to reduce the amount of missing data. Regardless of the analytic exclusions, sensitivity analyses to investigate the influence of missing data on results will be conducted. Second, while we were able to compare results for Chinese women to US women of all race/ethnicities, the sample size for other racial/ethnic minority groups among the US participants was small, which limits our ability to investigate the associations of lifestyle factors, QOL, and breast cancer prognosis among women of these races/ethnicities. Third, we found differences in clinical characteristics, reproductive factors, BMI, physical activity, smoking, alcohol intake, and select comorbidities across cohorts. However, we will be able to adjust for these factors in multivariable analyses using a standardized protocol, and we also plan to estimate studyspecific effect estimates, as well as pooled estimates, from either an aggregate analysis (pooled analysis of individual cohort data) or meta-analysis (pooled study-specific effect estimates), depending on the results of tests for heterogeneity by study. In addition, as mentioned in the Materials and Methods, sensitivity analyses will be conducted to exclude specific studies or subgroups, as appropriate. For example, to address potential heterogeneity due to changes in breast cancer treatment over time or cultural differences, sensitivity analyses that exclude cases diagnosed in earlier years (i.e., before 1990) or are limited to the US cohorts will be conducted. Fourth, some potential confounders and modifying factors will not be included in analyses, because the factors are not available in all four cohorts (e.g., income, total energy intake). As is inherent in pooling projects of individual studies [45, 52] , the data collection methods were different for each cohort included in the ABCPP. These differences resulted in challenges in data harmonization. Specifically, one challenge we faced was the standardization of the definition of breast cancer recurrences. Both LACE and WHEL had information on local, regional, and distant recurrences and new breast primaries. However, in the SBCSS, data were not available on local or regional recurrences as the proportion of women who had a mastectomy was high (94%), unlike in the US studies where only about 50% had a mastectomy. Furthermore, for the NHS, although some data was collected on second malignancies after cancer diagnosis, this information was not complete; hence, we do not have information on new breast primaries from the NHS in the ABCPP. To address these data harmonization issues, we will include two sensitivity analyses in future analytic protocols. These will include: (1) the exclusion of local and regional recurrences; and (2) the exclusion of women with new breast primaries.
In summary, the ABCPP will allow a comprehensive evaluation of the associations of select post-diagnosis lifestyle factors and QOL in relation to breast cancer prognosis, with a large sample size to enable the consideration of heterogeneity by tumor subtypes and other clinical factors such as treatment status and age. Further, we have established an infrastructure that will allow additional breast cancer survivor cohorts to be added to the ABCPP and will promote large-scale international collaborations on modifiable factors and breast cancer outcomes research.
